2 | P a g e Obstructive sleep apnea (OSA) results in awake neurocognitive impairment with societal implications (22).
having the strongest evidence base (7, 17) . However, recent large clinical trials failed to find a strong link 26 between nocturnal hypoxia and neurobehavioral impairment. In the landmark APPLES study, the severity 27 of O 2 desaturation explained only < 2% of the variance of neurocognitive performance improvement in 1204
28
OSA patients, and arousal index was not a significant predictor (17) . In the recent LATINO study with the 29 largest sample size of 8059, apnea hypopnea index (AHI) with 3% desaturation were very weakly 30 associated with neurocognitive functions after controlled for confounders (β ranged from 0.003 to 0.005)
31
(18). In a multicenter European study, 1649 OSA patients with excessive daytime sleepiness (EDS) and 32 1233 OSA patients without EDS had only 1% of difference in SpO 2 nadir, no difference in mean SpO 2 , and 33 similar arousal index (37/h vs 33/h) (20) . In human experimental studies, neurocognitive function was 34 measured in 11 healthy subjects at ground level and simulated altitude of 13,000 feet. Two weeks of 35 nocturnal continuous hypoxia at altitude did not induce subjective sleepiness or impair objective vigilance 36 and working memory (24). In addition, the effect of 4 weeks nocturnal intermittent hypoxia on attention, 37 working memory, Multiple Sleep Latency Test, and the Rey Auditory Verbal Learning Test was measured in 38 8 healthy subjects and again no effect was detected (29 showed the degree of change in hypercapnia to be the only significant predictor for both daytime 58 sleepiness and EEG activation (Delta/Alpha ratio) measures (27). In the third experimental study, we Despite limited research, evidence from these studies support our notion that hypercapnia may slow brain 66 neural activity and cause neurobehavioral impairment. In a brain imaging study, breathing 5% CO 2 67 significantly reduced all functional connectivity MRI indices in 14 healthy volunteers, and resulted in a 68 suppression of cerebral metabolic rate of oxygen (CMRO 2 ) which was proportional to the end-tidal CO 2 change (30). Another study found that 5% CO 2 attenuated evoked and spontaneous 70 magnetoencephalogram (MEG) spectral activity and decreased early sensory components in both auditory 71 and visual modalities as well as cognitive components related to memory and language in 7 healthy 72 volunteers (23). In undersea diver-related experimental studies, a dose-response relationship between 73 higher CO 2 tensions and impaired cognitive and psychomotor performance were found (9, 10). In addition, 74 a number of animal studies have demonstrated that hypercapnia, acute or chronic, led to slowing in EEG in 75 eels (2), rats (8), rabbits (14), dogs (21), and monkeys (31).
77
Hypoxia has been considered as a key determinant of neurocognitive dysfunction in OSA, but this is mainly 78 based on studies that have not adequately controlled for CO 2 (hypercapnia and/or hypocapnia) (7).
79
Relevant problems are two-fold: 1) On one hand, we can often see that clinical SDB studies find a weak 80 correlation between hypoxia and neurocognitive dysfunction and conclude that hypoxia maybe the key 81 mechanism, while hypercapnia was not being measured, e.g. (17). In those studies, impairment may well 82 be due to a mixed effect of hypercapnia and hypoxia, and hypercapnia may play an even more important 83 role based on the above discussions. Specifically, we speculate that hypoxia may have an additive effect in 84 addition to the EEG slowing effect of hypercapnia. As shown in Figure 1, 
